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Description 

Interconnect Structure Diffusion Barrier 
with High Nitrogen Content 

Background of Invention 

[0001] TECHNICAL FIELD 

[0002] The field of the invention is that of integrated circuit pro- 
cessing, in particular forming interconnection structures 
to electrically connect various components on the inte- 
grated circuit. 

[0003] BACKGROUND OF THE INVENTION 

[0004] Conventional semiconductor devices typically are made up 
of a semiconductor substrate, normally a monocrystalline 
silicon with a plurality of dielectric and conductive layers 
formed on it. An integrated circuit is formed of semicon- 
ductor devices connected by a set of spaced-apart con- 
ductive lines and associated interconnection lines, such as 
bus lines, word lines and logic interconnection lines. Such 
interconnection lines generally constitute a limiting factor 



in terms of various functional characteristics of the inte- 
grated circuit. There exists a need to provide a reliable in- 
terconnection structure capable of achieving higher oper- 
ating speeds, improved signal-to-noise ratio, improved 
wear characteristics, improved reliability while at the same 
time reducing the dimensions of the circuit elements to 
increasingly smaller size. 

[0005] Most interconnection lines in the past have been made of 
aluminum or aluminum-based alloys. The performance of 
a semiconductor device could be improved by forming the 
interconnection line of a metal having a higher conductiv- 
ity than aluminum, thereby increasing current handling 
capability. It is known that copper, copper-based alloys, 
gold, gold-based alloys, silver and silver-based alloys 
generally exhibit a higher conductivity than aluminum and 
aluminum-based alloys, but each has its own drawbacks. 
One drawback of using copper, for example, is that cop- 
per readily diffuses through silicon dioxide, the typical di- 
electric material employed in the manufacture of semi- 
conductor devices. Moreover, a low cost satisfactory 
method for etching copper has yet to be developed. 

[0006] one method of forming copper interconnection lines is by 
using a "damascene" technique. Damascene is a process 



which has been employed for centuries in the fabrication 
of jewelry, and has recently been adapted for application 
in the semiconductor industry. Damascene basically in- 
volves the formation of a trench or a channel in a pla- 
narized insulating layer. That opening is filled with a 
metal to form a channel and any remaining metal material 
is polished from the surface of the insulating layer. The 
traditional etch back technique of providing an intercon- 
nection structure involves depositing a metal layer, form- 
ing a conductive pattern with interwiring spacings, and 
filling the interwiring spacings with dielectric material. 
Thus, damascene differs from the traditional etch back 
technique by forming a pattern of openings in a dielectric 
layer that are filled in with metal to form a conductive 
pattern followed by planarization. 
[0007] | n a "dual damascene" technique, in addition to the etched 
trench or channel (line) in the dielectric, additional holes 
known as vias are etched at specific locations in the bot- 
tom of the trenches. These vias are openings to lower 
level circuit elements which are buried in the dielectric. In 
the dual damascene technique, the trench and the via ex- 
tending down from the trench are filled with conductive 
metal in a single step. This is a cost saving measure and 



also can increase both the process yield as well as the 
qualities of the electrical connections in the circuit. 

[0008] According to conventional practices, a plurality of con- 
ductive layers are formed over a semiconductor substrate, 
with the uppermost conductive layer joined to a bonding 
pad for forming an external electrical connection. In a 
copper interconnection process, conductive layers would 
be formed by either damascene or dual damascene tech- 
niques. The uppermost conductive layer of the integrated 
circuit which is to be connected to the chip carrier is typi- 
cally referred to as the wire bonding layer. The wire bond- 
ing layer has bonding pads which are used to make exter- 
nal connections by means of electrically conductive wires 
and external connection electrodes. 

[0009] The most commonly used materials for the wire bonding 
layer are aluminum or aluminum-based alloys, such as 
aluminum with 2% copper. A bonding tool coupled to a 
bonding machine connects the bonding pads with exter- 
nal connection electrodes using electrically conductive 
wires. The electrically conductive wires are bonded to the 
bonding pads by the bonding tool using ultrasonic and 
thermal energies. 

[0010] a suitable conductive barrier layer is needed between the 



copper interconnection lines and both the surrounding di 
electric and any other metallic contacts it might make. 
Such a barrier layer can be conveniently formed by em- 
ploying a material that is substantially impervious to the 
diffusion of impurities into the copper interconnection 
lines and to the diffusion of copper atoms into the dielec- 
tric or nearby metal contacts. It is well known that tita- 
nium nitride (TiN) is a suitable conductive barrier material 
for copper. However, in the copper interconnection pro- 
cesses, conventional tantalum nitride (TaN) is the most 
commonly used conductive barrier material. Besides TaN, 
tantalum silicon nitride (TaSiN) can also be used as a con- 
ductive barrier material for the copper interconnection 
processes. The use of TiN would require additional depo- 
sition chambers because the deposition of TiN and TaN 
cannot be performed using the same deposition chamber 
The need for additional deposition chambers for TiN de- 
position undesirably increases the cost and process com- 
plexity for the production of semiconductor devices. 
1 ] Conventional TaN used in interconnect applications as a 
diffusion barrier for Cu has a nitrogen-to-tantalum ratio 
of slightly under 1.0. It typically contains a nitrogen con- 
tent by atomic weight of 20%. U.S. Patent 6,117,769 i 1 1 us— 



trates a barrier layer used to reduce diffusion of Al into Cu 
formed from TaN having a somewhat higher fraction of N, 
in the range of 1.0 to 1.2. This corresponds to a range of 
30% to 40% by weight. The foregoing composition pro- 
duces a layer that is said to be satisfactory for limiting Al 

diffusion at a TaN in a thickness of as low as 50nm. 
Summary of Invention 

[0012] The invention relates to a liner for a back end interconnect 
that is formed from TaN^ where x is greater than 1.2. 

[0013] a feature of the invention is the formation of liners having 
a thickness less than lnm. 

[0014] Another feature of the invention is the formation of liners 
having a resistivity greater than 1000 micro-Ohm-cm. 

[0015] yet another feature of the invention is the development of 
a liner layer that occupies less than 10% of the via volume 
for vias formed according to groundrules of less than 
90nm. 

Brief Description of Drawings 
[0016] Figure 1 shows a prior art structure. 
[0017] Figure 2 shows an apparatus for depositing liner films. 

[0018] Figure 3 illustrates in cross section a portion of a dual- 
damascene structure according to the invention. 



[0019] Figure 4 shows the dependence of failure temperature on 
film thickness for prior art films. 

[0020] Figure 5 shows the dependence of breakdown tempera- 
ture on N:Ta ratio for films of 2.5nm thickness. 

[0021] Figure 6 shows stoichiometry as a function of nitrogen 
flow rate. 

[0022] Figure 7 shows the resistivity of films as a function of N 
flow rate. 

[0023] Figure 8 shows the dependence of breakdown tempera- 
ture as a function of film thickness. 
Detailed Description 

[0024] Referring now to FIG. 1 (PRIOR ART taken from U.S. Patent 
6,117,769), there is shown is a prior art cross-section of a 
semiconductor wafer 100 with a pair of aligned semicon- 
ductor channels of a conductive material, such as copper, 
disposed over a silicon substrate 102. A first channel 104 
is shown, extending left-right and disposed below a sec- 
ond channel 106, which extends substantially perpendic- 
ular to the first channel 104. Similarly, a via 108 connects 
the first and second channels 104 and 106, which is a 
part of the second channel 106. The first channel 104 
comprises a first conductive material. The second channel 
106 is formed by filling a second channel opening 110 



disposed in a second channel oxide layer (interlevel or in- 
terlayer dielectric) 112 with a second conductive material. 

[0025] The first and second channels 104 and 106 are in hori- 
zontal planes separated vertically by a first etch stop ni- 
tride layer 114, a via oxide layer 116, and a thin via ni- 
tride layer 117. The cylindrical via opening 118 forms the 
cylindrical via 108 when it is filled with the second con- 
ductive material. 

[0026] a wire bonding layer 120, typically an aluminum or alu- 
minum-base alloy, is the uppermost conductive layer and 
is shown disposed over the second channel 106. The wire 
bonding layer 120 comprises aluminum or aluminum- 
base alloys. 

[0027] -rh e second channel 106 and the wire bonding layer 120 
are in horizontal planes separated vertically by a second 
etch stop nitride layer 126 and an oxide layer 124. 

[0028] Also shown disposed around the first channel 104 is bar- 
rier material 128, around the second channel 106 and the 
cylindrical via 108 is barrier material 130, and around the 
wire bonding layer 120 is barrier material 132. Barrier 
materials, where necessary, are used to prevent electro- 
migration or diffusion of the conductive materials into the 
adjacent areas of the semiconductor. Tantalum nitride is 



the most commonly used barrier material for copper 
channels. Accordingly, barrier material 128 and 130 
would be tantalum nitride. In the prior art, since the wire 
bonding layer comprises aluminum or aluminum-based 
alloys, the barrier material would be titanium nitride since 
conventional tantalum nitride is not a suitable barrier ma- 
terial for aluminum or aluminum-based alloys. 
[0029] Referring now to FIG. 2 (PRIOR ART - also taken from US 
Patent 6,117,769), there is shown a physical vapor depo- 
sition chamber 200. Chamber 200 can be used to deposit 
or sputter metal films, such as conductive barrier materi- 
als, onto the surface of a silicon substrate 202. Substrate 
202 is placed over a substrate holder 204 and is posi- 
tioned face-up in the chamber 200. A target 206 is shown 
positioned face-down within the chamber 200. The target 
206 is made of the material that is to be deposited onto 
the silicon substrate 202. A shield 208 is positioned 
within the interior of the chamber 200 to prevent target 
material from being deposited on the interior walls 209 of 
the chamber 200. Chamber 200 also includes inlets (not 
shown) for receiving gases such as argon and nitrogen 
that are to be used during the deposition of metal films. A 
direct current (DC) voltage source 210 is coupled between 



the target 206 (cathode), and the shields 208 (anode) for 
generating a plasma using argon gas. By applying a nega- 
tive voltage to the target 206, the ions in the plasma will 
be attracted to the target 206 as the plasma is formed. As 
the plasma ions strike the target 206, particles are sput- 
tered from the surface of the target 206 at a significant 
kinetic energy. The sputtered particles from target 206 
are then deposited onto the silicon substrate 202 in the 
form of a thin metal film. 
[0030] chamber 200 can be used to conduct reactive sputtering 
using more than one element to make up the deposition 
material. In a reactive sputtering process, nitrogen gas 
would be introduced into the chamber 200 during the de- 
position. As a result, the sputter surface of the target 206 
is nitrided; i.e. nitrogen reacts with the surface material to 
form a compound containing nitrogen. For example, when 
TaN is to be deposited onto the silicon substrate 202, the 
target 206 would be formed of tantalum. The nitrogen gas 
causes tantalum nitride to be deposited. Similarly, when 
TaSiN is to be deposited onto the silicon substrate 202, 
the target 206 would be formed of tantalum silicon. The 
nitrogen gas then causes tantalum silicon nitride to be 
deposited. The nitrided compound, e.g., TaN or TaSiN, 



would be deposited onto the silicon substrate 202 during 
the physical vapor deposition process. 
[0031] | n the prior art work quoted above, the liner layer is 

formed with a nitrogen-to-tantalum ratio of less than 1.0, 
with an atomic concentration of nitrogen at about 
45-48%. Unlike the conventional tantalum nitride, the ma- 
terials formed according to the cited prior art contain a 
nitrogen-to-tantalum ratio of 1.0 to 1.2. The tantalum ni- 
tride material formed is substantially impervious to the 
diffusion of aluminum atoms into the second copper 
channel 106 and the diffusion of copper atoms to alu- 
minum bonding pads at the top of the structure (Figure 
1). Unlike the conventional tantalum nitride which com- 
prises a nitrogen content by atomic weight of about 20%, 
the material formed according to the cited prior art con- 
tains a nitrogen content by atomic weight of more than 
about 30% and less than about 40%. The tantalum nitride 
material formed is substantially impervious to the diffu- 
sion of aluminum atoms therethrough into the second 
copper channel 106 and the diffusion of copper atoms 
therethrough into aluminum bonding pads at the top of 
the structure. 

[0032] | n production, according to the cited art, a conventional 



first damascene process was used to put down over a 
production semiconductor wafer a first channel 104 in a 
first channel oxide layer (not shown) above portions of a 
semiconductor device which is formed over a silicon sub- 
strate 102. The damascene process is a photolithographic 
process which uses a mask to define a first channel open- 
ing (not shown) in the first channel oxide layer to run in a 
first direction (which is horizontal in FIG. 1). The first 
channel opening is then filled with a first conductive ma- 
terial, such as copper, to form the first channel 104 using 
a conventional metal deposition technique, such as physi- 
cal vapor deposition, chemical vapor deposition, electro- 
plating, or a combination thereof. The polish stop nitride 
layer 114, the via oxide layer 116, and the via nitride layer 

117 would be successively deposited on top of the first 
channel 104 and the first channel oxide layer using a con- 
ventional deposition technique. 

[0033] By using the via photoresist and the via photolithographic 
process followed by nitride etching of a round via opening 

118 in the via nitride layer 117, the basis for the cylindri- 
cal via 108 was formed. The subsequent deposition of the 
second channel oxide layer 112 prepared the way for the 
second channel 106 to be perpendicular to the first chan- 



nel 104. The second damascene process is a photolitho- 
graphic process which uses a mask to define the second 
channel opening 110 in the second channel oxide layer 
112. Since the second damascene process uses an 
anisotropic oxide etch, the etch also forms the cylindrical 
via opening 118 down to the stop nitride layer 114. The 
anisotropic oxide etch etches faster in the vertical direc- 
tion of FIG. 1 than in the horizontal direction. The nitride 
etch of the stop nitride layer 114 completes the etching 
steps. The deposition of the barrier material 130, such as 
a conventional TaN and the second conductive material, 
such as copper, into second channel opening 110 and via 
opening 118 forms the second channel 106 and the cylin- 
drical via 108. The barrier material 130 is deposited using 
conventional deposition techniques, such as physical va- 
por deposition, chemical vapor deposition, atomic layer 
deposition or a combination thereof. Similarly, the second 
conductive material is deposited using a conventional 
metal deposition technique, such as physical vapor depo- 
sition, chemical vapor deposition, electroplating, or a 
combination thereof. Thereafter, a chemical mechanical 
polishing process is used to complete the conventional 
connection process. 



[0034] Thereafter, a second stop nitride layer 126 and the wire 
bonding oxide layer 124 would be successively deposited 
over the second channel 106 and the second channel ox- 
ide layer 112 using conventional deposition techniques. 
By using a conventional photolithographic and etching 
process, a bonding pad opening 119 would be formed in 
the wire bonding oxide layer 124 and over second channel 
106. 

[0035] Next, the barrier material 132 is deposited over the side- 
walls and the bottom of the bonding pad opening 119 in 
accordance with the prior art process. Chamber 200 
would be pumped down to a vacuum in the milli-Torr 
(mTorr) range after the semiconductor wafer 202 has 
been positioned over the substrate support 204. Argon 
and nitrogen gases are then introduced into the chamber 
200. A high DC voltage is applied across the target 206 
and the shield 208 using DC voltage source 210 to gener- 
ate a plasma. The nitrogen converts the surface of target 
206 into a nitrided compound so that reactive sputtering 
can take place which results in the deposition of a layer of 
TaN or a combination of TaN and TaN over the sidewalls 

2 2 

and the bottom of the opening 119. In the preferred mode 
of the cited prior art, the flow rate of the nitrogen gas 



would be within the range of about 28 to about 40 seem 
(standard cubic centimeters), while the flow rate of the ar- 
gon gas would be about 45 seem. The deposition pressure 
would be within the range of about 5 mTorr to about 20 
mTorr. The DC power supplied by the DC voltage source 
2 10 would be within the range of about 0.5 kW to about 4 
kW. 

[0036] jo deposit TaN 2 or the combination of TaN 2 and TaN, the 
prior art maintains a high nitrogen flow rate relative to the 
argon flow rate. Specifically, TaN 2 or the combination of 
TaN and TaN will be formed when the ratio of the nitro- 

2 

gen flow rate and the argon flow rate is within the range 
of about 28/45 to about 40/45. Further, the DC power 
was not more than about 4 kW because higher DC power 
tends to reduce the amount of nitrogen incorporation into 
the resulting tantalum nitride material, making it unsuit- 
able to act as a conductive barrier. 

[0037] Referring now to Figure 3, there is shown a cross section 
of an interconnect structure according to the invention. 

[0038] Layer 10 represents a dielectric layer, which may be any of 
the several layers in the back end. Box 5 represents 
schematically a lower layer of interconnect extending per- 
pendicular to the paper. 



[0039] |j ner layer 17 fills a dual-damascene aperture that will 

contain the upper interconnect structure, comprising a via 
12 extending down to make contact with box 5. Conduc- 
tive material 15, illustratively copper, has been deposited 
to fill the aperture. A conventional chemical-mechanical 
polishing step has cleaned up the top surface of layer 10. 

[0040] Those skilled in the art will appreciate that the process is 
repeated as required to generate the interconnect struc- 
ture which, in advanced circuits, may have eight or more 
levels. 

[0041] The present invention is directed at advanced interconnect 
structures, in which there is a problem in scaling the di- 
mensions. As the interconnect structures are scaled to 
smaller ground rules, the resistance of a given path in- 
creases. Since liners have considerably greater resistivity 
than copper, it is important to keep the volume of the in- 
terconnect that is occupied by the liner small. A figure of 
10% of the volume is considered to be acceptable in con- 
temporary practice. 

[0042] The diffusion barrier has three requirements. First, it must 
be a hermetic, pin-hole free, stable film that chemically 
separates Cu and the surrounding materials it touches. 
Second, it must have adequate electrical conductivity 



(contact resistance) to allow current flow from the under- 
lying circuit element through the barrier film and through 
the via and line. The electrical resistance of the liner film 
on the sidewalls of the via and trench is unimportant. It is 
only the through-resistance of the liner at the bottom of 
the via that is electrically in series for this circuit. Third, 
the liner must not occupy too large a fraction of the vol- 
ume of the via and line. Virtually any material for the liner 
will have much higher electrical resistance than the Cu 
used to form the via and line. Therefore, the liner material 
will not contribute to any extent to the conductivity of the 
line. However, the volume occupied by the liner displaces 
an equal volume of the high-conductivity Cu material and 
therefore leads to a higher net resistance, since there is 
less Cu in the final structure. An appropriate guideline for 
the allowable displacement volume of the liner material is 
10% or less of the volume of the Cu circuit element. 

[0043] As practiced in current production, the minimum dimen- 
sions of the Cu circuit elements are on the order of 90 - 
130nm. Future dimensions will reduce these minimum di- 
mensions to 65, 45 and 33nm or below. 

[0044] The TaN liner thickness currently used in the 90 - 130nm 
generation is approximately 6nm. A second liner layer of 



pure Ta is also used in addition to the TaN to provide a 
better interface to the Cu material which results in better 
circuit reliability. The net film is on the order of lOnm, 
which satisfies the 10% guideline. The currently used TaN 
has an electrical conductivity of approximately 300 to 400 
micro-Ohm-cm, and the chemical composition of the TaN 
is 52 - 50% Ta and 48 - 50% N by atomic weight. 

[0045] Those skilled in the art will appreciate that the properties 
of the currently used TaN diffusion barrier material will 
not be adequate for future generations of technology, 
based on the criteria above. 

[0046] As the thickness of the TaN is reduced as the dimensions 
scale down to maintain the 10% volume guideline, the 
liner becomes less effective at isolating the Cu from the 
environment. An example of this is shown in Figure 4, 
where TaN is used to separate Cu from Si. This is an ex- 
ample of the role of a diffusion barrier in separating Cu 
from other materials. In this case, if the TaN fails as a 
barrier, either the Cu will move past it into the Si or else 
the Si will move through the barrier into the Cu. In either 
case, the electrical resistivity of the Cu film will change 
radically at the failure temperature. This has been mea- 
sured as a function of film thickness. As the film thickness 



is reduced, the failure temperature also declines. A gen- 
eral guideline for this system, based on the temperature 
to which the circuit is exposed during its lifetime, is a 
minimum temperature of 730C, which, as can be seen in 
the curve, requires aTaN thickness of TaN (for currently 
used compositions) of at least 4-5 nm. This thickness is 
acceptable in the 90 - 130nm interconnect generations, 
but will be much too thick (i.e. greater than the 10% rule) 
for the 45nm and smaller generations. 

[0047] Unfortunately, as those skilled in the art are aware, the ef- 
fectiveness of liner layers as diffusion barriers is reduced 
as they become thinner. 

[0048] Thus, the liner layers of the current practice and/or the 
cited reference are not adequate for smaller groundrules 
of 65nm, 45nm and 33nm that are contemplated by tech- 
nical roadmaps. 

[0049] it has been found that a liner layer having high resistivity, 
considerably above the conventional present resistivity 
value of 300 - 400 micro-Ohm-cm of contemporary prac- 
tice, still produces an acceptable structure because it 
makes possible a much thinner (lOx thinner than contem- 
porary practice) layer that more than compensates for the 
higher resistivity. 



[0050] v\/e have found that the failure temperature for a constant 
thickness TaN film (using as an example a thickness of 
2.5nm) is a strong function of the level of nitrogen used in 
the production of the TaN and subsequently the level of N 
in the film. 

[0051] Figure 5 plots the diffusion barrier failure temperature for 
a 2.5nm TaN film located between a Cu and a Si layer as a 
function of the nitrogen to tantalum ratio in the TaN film. 
As can be seen, a Ta-N ratio of 1:1, consistent with the 
previously used TaN process, would fail at a temperature 
of 700C, well below the acceptable point of 730C. Those 
skilled in the art will appreciate that, for the illustrative 
thickness, there is a plateau in the curve at temperatures 
above 800C, for N:Ta ratios above 1.3. 

[0052] Those skilled in the art are aware that the nitrogen con- 
tent of the film may be varied by altering the flow of N gas 
during the sputter deposition process that is normally 
used. Normally, the TaN is deposited by sputtering a Ta 
target (cathode) in an ambient that is a combination of N 
and an AR carrier gas. Figure 6 illustrates the stoichiome- 
try of films as a function of N flow rate, showing a steady 
progression of N content in the final film. Advantageously, 
the final composition is not a sensitive function of gas 



flow rate in the stoichiometry range of 1 - 1.5, so that the 
process window is relatively broad in that range. 

[0053] Figure 7 illustrates the electrical resistivity of the films as 
a function of nitrogen flow rate at constant magnetron 
power of lkw in the physical deposition chamber. 

[0054] | n t he range above 30sccm that produces a N:Ta ratio 
above the prior art ratio of 1:1, the resistivity is greater 
than 1000 micro-Ohm-cm, three times the value used in 
the prior art. 

[0055] Thus, those skilled in the art would not have thought to 
increase the N:Ta ratio because it was known that that 
would increase the resistivity. 

[0056] Higher resistivity, as explained above, is detrimental be- 
cause it increases the in-line resistance of the intercon- 
nect-via combination and therefore detrimentally affects 
circuit operation, aggravating the detrimental effect of 
decreasing via dimensions. Further, the curve in Figure 7 
rises more steeply as the flow rate increases, so that one 
skilled in the art would be discouraged from increasing 
the flow rate by the sharp increase in the detrimental re- 
sistivity. 

[0057] The present invention uses films with a high level of ni- 
trogen. Referring to Figure 5, it can be seen that the diffu- 



sion barrier failure temperature (for a film of 2.5nm thick- 
ness) at a ratio of 1.2 and above is significantly higher 
than the required temperature of 730C. It is therefore 
possible to reduce the film thickness even below 2.5nm. 

[0058] Figure 8 shows the failure temperature for TaN^, where x 
is > 1.2, showing the unexpected result that the failure 
temperature is acceptable for a film thickness as low as 
0.4nm (4 Angstroms). 

[0059] The film is preferably formed in a physical vapor deposi- 
tion tool such as an Endura tool from Applied Materials 
having an Ar:N 2 gas flow in the range of 1:2 and a wafer 
temperature in the range of 25 to 400C. 

[0060] Thus, the acceptable film thickness has been reduced by a 
factor of ten. Using the criteria set forth above, we can 
conclude that films made according to the invention can 
be used down to the 32nm ground rule generation. 

[0061] The reduction in the critical diffusion barrier thickness is 
also consistent with the criterion that the net resistance of 
the liner film at the via bottom remain small. In the cur- 
rent manufacturing situation, a liner film with a resistivity 
of 500 micro-Ohm-cm and a thickness of 6nm has a net 
resistivity of 0.03 Ohms/square micron. 

[0062] a film according to the invention, with a resistivity of 



3000 micro-ohm-cm and a thickness of 0.5nm has a net 
resistance of 0.015 ohms/square micron. Thus, in spite of 
the resistivity being greater by a factor of nearly ten, the 
net resistance is a factor of two less than a film according 
to the current practice. 
[0063] Those skilled in the art will appreciate that the present in- 
vention is not restricted to a damascene structure, nor is 
it limited to use as a barrier to Cu diffusion, but may be 
used with other structures and materials. The dielectric 
surrounding the conductor may be oxide, nitride, low-k 

TM 

materials such as SiLK or other materials. 

[0064] while the invention has been described in terms of a sin- 
gle preferred embodiment, those skilled in the art will 
recognize that the invention can be practiced in various 
versions within the spirit and scope of the following 
claims. 

[0065] what is claimed is: 



